accidental falls health behavior health education multimedia OBJECTIVE. We attempted to determine whether multimedia fall prevention education using different instructional strategies increases older adults' knowledge of fall threats and their fall prevention behaviors.
F alls in older adults are a major public health concern (Gillespie et al., 2009 ) and contribute to a cycle of disengagement in occupation, dependence, and increased fall risk (Peterson et al., 1999; Steinmetz & Hobson, 1994) . To reduce falls, various interventions have been proposed, including education (Reinsch, MacRae, Lachenbruch, & Tobis, 1992) . Education is often part of a multicomponent fall prevention program; these programs have shown positive effects on outcomes such as fear of falling, activity engagement (Tennstedt et al., 1998) , and fall incidence (Clemson et al., 2004) .
Although fall prevention education is recommended at a national level (U.S. Department of Health and Human Services, 2000) , few studies have specifically addressed this intervention separate from other components, making its unique contribution difficult to evaluate. In addition, design, development, and delivery of the educational content using evidence-based approaches have not been thoroughly explored. The appropriateness of current fall prevention education to address older adults' needs is in question because seniors have criticized these programs for lacking personal applicability (Yardley, DonovanHall, Francis, & Todd, 2006) .
To consider individual learners, education can be tailored by using information derived from individual assessment and delivering the educational message on the basis of a person's unique characteristics (Kreuter, 1998) . Improving the applicability of health-related content for learners by tailoring education to the audience has been one effective strategy in encouraging desired behavioral changes (Bull, Kreuter, & Scharff, 1999; Kreuter, Farrell, Olevitch, & Brennan, 2000; Richards et al., 2007; Strecher et al., 1994) . Likewise, tailoring education may be useful in promoting fall prevention behaviors (i.e., actions taken with the intention of preventing a fall; Panzer, Burleson, Wakefield, Into, & Wolfson, 2008) . From the holistic viewpoint used in occupational therapy, fall prevention knowledge must consider the characteristics, lifestyle, and environment of individual older adults. Risks are unique to each older adult, and issues critical to one person may be inconsequential to another. Therefore, in this study we termed personalized fall risks fall threats.
Because tailored fall prevention education appears to be relatively absent from current research, we investigated two instructional approaches, one that used tailoring strategies aimed at improving the authenticity and realism of content for people and another that used motivational methods. These instructional approaches and accompanying tailoring strategies have been widely used in the education field and have shown successful learning outcomes (Dori, Tal, & Tsaushu, 2003; Van Berkel & Schmidt, 2000; Vansteenkiste, Simons, Lens, Sheldon, & Deci, 2004; Yoshioka, Uchida, & Kozu, 2003) .
Enhancing the authenticity and realism of content is a strategy rooted in situated learning theory (Herrington & Oliver, 2000) , which suggests that learning is specific to the real-life situations in which it occurs and that knowledge is best learned in context (Lave & Wenger, 1991) . A key component is to ensure an authentic learning context (Brown, Collins, & Duguid, 1989) , such as the actual setting, a virtual surrogate, or an anchoring context such as a multimedia presentation (McLellan, 1994) . Authentic tasks involve realistic and engaging ideas and real-world problems (Smith, 1986) .
Motivational aspects can also be added to instructional content, such as strategies described in the Attention-RelevanceConfidence-Satisfaction (ARCS) model (Keller, 1987a) . The relevance component of this model postulates that increasing the likelihood of the learning situation to fulfill the learner's basic needs or values will result in greater personal motivation. Enhancing motivation by targeting relevance in the ARCS model has been shown to improve learning outcomes (Chang & Lehman, 2002; Means, Jonassen, & Dwyer, 1997; Newby, 1991) .
To our knowledge, the use of authenticity-enhancing and motivational tailoring strategies has not been studied as an approach applied to occupational therapy fall prevention interventions. The purpose of this study was to compare the effectiveness of two tailored multimedia fall prevention educational interventions in improving fall threats knowledge and engagement in fall prevention behaviors in community-dwelling older adults.
Method

Design
This study was a three-group randomized controlled trial. Participants in the intervention groups received education tailored to improve content realism for individual learners (authenticity group) or to highlight program goals and benefits while using participants' content selections (motivation group). The control group did not receive the education. All procedures were approved by Wayne State University's Human Investigation Committee, and each participant provided informed consent before participation.
Participants and Setting
Fifty-three community-dwelling older adults were recruited in response to flyers and person-to-person solicitation at senior housing and community facilities. Older adults were included if they were community dwelling, age ³65, and English speaking; reported normal or corrected-tonormal vision and hearing; were alert and oriented to person, place, and time; and were able to follow three-step commands. Older adults were excluded if they had a diagnosed mental disorder or neurological disease that might affect cognition; a diagnosed learning disability; or a history of vertigo, chronic ear infections, or motion sickness. Participants completed the study at a location of their convenience, either in their home or the Mobility Research Laboratory at Wayne State University. Extraneous distractions were minimized using a quiet room and a headset to present the multimedia-based assessments and intervention content.
Materials
Components of the Multimedia Fall Prevention (MFP) system were used for interview, assessment, and intervention. The general design and delivery of the intervention were based on principles of ecological psychology (Young, 2004) and supported by older adult learner characteristics (Dixon, Bèackman, & Nilsson, 2004; Wolf, 1994) , authentic learning concepts (Lave & Wenger, 1991) , and principles of multimedia design (Mayer, 2001) . Pretest and posttest assessment of fall threats knowledge consisted of 10 video clips (approximately 10 s each) presenting everyday situations in common environments. Clips included a brief pan of the setting followed by first-person actions. Participants' training consisted of viewing five pairs of vignettes selected by the MFP software on the basis of interview information and study group. Vignettes presented brief, approximately 45-s scenarios in specific environments, simultaneous with firstperson narration. All MFP clips and vignettes were created in real-life quality from a first-person perspective and displayed using a multimedia headset.
Procedures
Interviews, assessments, and intervention procedures were conducted by the primary investigator (Stacey L. Schepens), a licensed occupational therapist and instructional technologist. She received intensive training in the use of the MFP system from the developer and clinical trial study team, who have used these methods with >300 older adults.
Interview. Interviews took place by telephone and at the first visit for all participants. General medical and fall histories were recorded; questions covered health status, number of falls in the past 12 mo, details about recent falls, and current fall prevention behaviors. Other descriptive information was collected, such as fear of falling, mobility aid use, and independence in accessing the community. We used selected interview information to tailor the authenticity intervention. Additional interview information collected from the motivation group was used to tailor the motivational intervention.
General Intervention. Participants were randomized to one of two multimedia intervention groups or to a control group using a block randomization technique. Participants, but not the primary investigator, were unaware of group allocation and differences in intervention protocols. For participants assigned to the multimedia intervention groups, the pretest was followed by a single, approximately 30-min educational session. Those participants viewed five pairs of vignettes tailored on the basis of group allocation. When the participant finished viewing each pair, the primary investigator and the participant discussed the multimedia content, and the learner was asked to identify fall threats common to both vignettes. The participant was guided as needed with questions such as, "Was there anything that you did or said in both stories that could cause you to lose balance or fall?" If the participant was unable to identify two common fall threats in the pair, the MFP software provided preprogrammed support that included repetition of the vignettes and audio-based peer modeling, in which older adult actors suggested possible fall threats.
Tailoring by Authenticity. Tailoring methods were implemented at the initial visit. Tailoring by authenticity was based on situated learning theory (Lave & Wenger, 1991) and was programmed by the MFP developers. The tailoring focused on realism of the content by individualizing vignettes presented to each participant on the basis of his or her lifestyle, as determined by interview. Scenarios reflected unique learner characteristics, including living situation, use of a mobility aid, and ability to complete activities of daily living (ADLs) independently. For instance, a participant who lived in an apartment building was shown vignettes different from those viewed by someone living in a private house.
Tailoring by Motivation. Tailoring methods for the motivational intervention were designed by the primary investigator and based on previous work targeting the relevance component of the ARCS model (Frymier & Shulman, 1995; Keller, 1987b) . Three strategies incorporated into the tailored motivational intervention included (1) a clear statement of the program goals, (2) an emphasis on the positive aspects of completing the program, and (3) participant selection of content to be addressed during the intervention. Program goals and benefits that focused on health benefits and quality-of-life outcomes were discussed using a standardized handout. Use of these intrinsically based goals and benefits has been associated with positive gains in learning and performance (Vansteenkiste et al., 2004) . For example, one goal was to "assist you in establishing your own personal fall prevention strategies." The associated benefit was stated as follows: "By developing your own strategies and personal plan now, you may be able to remain active in the environments that are important to you and maintain your independence for your future." Last, participant selection of educational content was accomplished by having participants choose 4-10 situations from a list of 20 that were most relevant to their lives and about which they would like to learn more. Some options included airports, grocery stores, and public transportation. Selections were entered into the MFP program and were incorporated into the vignettes viewed by the participant.
Assessment. All participants were pretested at the initial visit and posttested approximately 1 mo later by the primary investigator to assess fall threats knowledge. Pretesting and posttesting were accomplished using the assessment component of the MFP program. Participants were instructed to verbally identify fall threats they recognized in 10 standardized clips presented in random order. Novel video clips were used for pretesting and posttesting and did not duplicate intervention content.
Falls Diary. Participants in all groups were instructed by the primary investigator in how to keep a falls diary during the 1 mo between the initial and follow-up visits. Participants logged losses of balance and falls, circumstances surrounding these occurrences, new fall prevention measures taken, and any medical issues.
Data Collection
The primary investigator was responsible for primary data collection, which included fall threats knowledge recorded by the MFP software as reported by the participants at pretest and posttest and fall prevention behaviors extracted from the falls diaries. Participants' knowledge was quantified by total number of fall threats identified during pretesting and posttesting using a menu that displayed a standard list of all threats. The appropriate boxes were checked or an "other" box was filled in to reflect participants' answers. Each participant's new fall prevention behaviors during the 1-mo study period were obtained from the falls diaries returned at follow-up. The primary investigator manually tallied participants' daily records. Duplicated responses were excluded from the final total of fall prevention behaviors.
Data Analysis
We calculated means (Ms) and standard errors of the mean (SEMs) for age, number of fall threats identified at pretest and posttest, and number of new fall prevention behaviors. Counts and percentages were computed for sex, independence in community access, fall status, fear of falling, and number of new fall prevention behaviors. Fall status was determined on the basis of the retrospective self-report of falls experienced in the past 12 mo. A faller was defined as someone who had experienced one or more falls in the past 12 mo. A fall was considered an unexpected event in which the participant came to rest on the ground, floor, or lower level (Lamb, Jørstad-Stein, Hauer, & Becker, 2005) . To examine baseline differences in participant characteristics among groups, we conducted x 2 tests or Fisher's Exact Tests for categorical variables and a univariate analysis of variance (ANOVA) for age. KolmogorovSmirnov tests (Chakravarti, Laha, & Roy, 1967) confirmed that all continuous variables were normally distributed. We conducted a mixed-design repeatedmeasures ANOVA to investigate Group (i.e., authenticity, motivational, or control group) · Time (pretest or posttest) effects on fall threats knowledge. Fall status was controlled during analysis because of unequal proportions of fallers and nonfallers between groups. To further analyze Group · Time interactions and determine differences between pretest and posttest knowledge within each of the groups, we conducted separate post hoc repeatedmeasures ANOVAs, controlling for fall status. Separate univariate analysis of covariance models, which covaried baseline pretest knowledge and controlled for fall status, were conducted to determine whether posttest fall threats knowledge, change in knowledge, and number of fall prevention behaviors in which participants engaged differed between groups. We used Bonferroni corrections for multiple comparisons as needed. Analyses were performed using SPSS Version 16.0 (SPSS Inc., Chicago).
Results
Fifty-eight community-dwelling older adults were recruited for this study between April and June 2009. Figure 1 shows the flow and loss of participants during the study. Analyses were conducted on the data of the 53 participants who completed all components of the educational program.
Participant characteristics are shown in Table 1 . Groups were comparable at baseline in terms of gender, independence level, and fear of falling (p > .05). Although the entire sample contained an approximately equal number of fallers and nonfallers, the ratios of fallers to nonfallers across study groups were not equivalent (p 5 .005). The motivation and control groups had fewer fallers.
The repeated-measures ANOVA evaluation of fall threats knowledge showed a significant Group · Time effect (p 5 .037; Figure 2 ). The number of fall threats identified at posttest was significantly greater than the number identified at pretest for both the authenticity group (posttest M ± SEM 5 21.7 ± 1.7, pretest M ± SEM 5 17.1 ± 1.1, p 5 .004) and the motivation group (posttest M ± SEM 5 23.0 ± 1.5, pretest M ± SEM 5 16.6 ± 2.3, p 5 .002), but not for the control group (posttest M ± SEM 5 15.7 ± 1.4, pretest M ± SEM 5 15.6 ± 2.3, p 5 .96). The authenticity group identified significantly more fall threats than the control group (p 5 .029), as did the motivation group (p 5 .007). However, the number of fall threats identified at posttest did not significantly differ between the authenticity and motivation groups (p > .05). Finally, the increase in fall threats identified from pretest to posttest did not significantly differ between intervention groups (p > .05), although it was significantly greater than that evidenced by the control group (p < .05).
The number of new fall prevention behaviors reported by the motivation group (M ± SEM 5 7.5 ± 1.0) was significantly greater than that reported by both the authenticity (M ± SEM 5 4.3 ± 0.8, p 5 .05) and the control (M ± SEM 5 2.1 ± 1.0, p 5 .001) groups (Figure 3) . We found no significant difference in behaviors between the authenticity and control groups (p 5 .27). Overall, 94.3% of intervention group participants engaged in at least one new fall prevention behavior, 82.9% engaged in at least two new behaviors (authenticity group, 77.8%; motivation group, 88.2%), and >65% of both intervention groups engaged in at least four or more behaviors. In contrast, only 53% of the control group reported at least one new behavior.
Discussion
In this study, we determined whether tailoring multimedia-based fall prevention The American Journal of Occupational Therapyeducation by using different evidence-based instructional technology strategies targeted to specific characteristics of older adults was effective in increasing fall threats knowledge and prevention behaviors. Authenticity and motivational tailoring methods were equally effective in increasing older adults' fall threats knowledge. The mechanisms by which both interventions resulted in knowledge gains may be explained by the unique combination of theoretical concepts and strategies chosen to guide the interventions' general design and delivery. Previous research has shown that use of these approaches has improved knowledge retention (Hill et al., 2009; Mayer, 2001; McGuire, 1996) .
Knowledge improvements in both intervention groups did not significantly differ, a finding that may be the result of insufficient differences between tailoring strategies. Because increased relevance was the focus of the motivation intervention and improved authenticity has previously been addressed by improving relevance of the material (Hodges, 2004) , the selected tailoring strategies may have overlapped, diminishing differences in knowledge gains. Baldwin, Magjuka, and Loher (1991) demonstrated that allowing learners to select the content (motivation group) motivates learners but does not result in greater learning outcomes than for learners presented with content they did not choose (authenticity group). In both cases, learners master content with similar success.
The motivation group, but not the authenticity group, engaged in significantly more fall prevention behaviors than did the control group. Our results suggest that a motivationally tailored approach effectively promotes fall prevention behaviors, perhaps because this group was given the opportunity to focus on relevant goals with clear outcomes and therefore engaged in more prevention behaviors to accomplish those goals. Interestingly, the motivation group was made up primarily of nonfallers. Fallers view their falls as preventable; therefore, Berg, Alessio, Mills, and Tong (1997) recommended designing individualized prevention strategies on the basis of postfall evaluations. Approaching fall prevention after a fall implies that the utility of tailored interventions is exclusive to fallers. Still others have recommended that fall prevention programs target recurrent fallers (Davison, Bond, Dawson, Steen, & Kenny, 2005) . Although research has shown that older adults at high risk for falls are more likely to make behavioral changes in response to fall prevention education (Ness, Gurney, & Ice, 2003) , the number of fall prevention behaviors recorded by the motivation group, which was composed mostly of nonfallers, indicates that this intervention offers a fall prevention strategy potentially useful for all older adults.
It is also noteworthy that the authenticity and control conditions also appeared to affect fall prevention activities, even if to a lesser degree than with the motivation group. The authenticity group reported (66) 9 (50) 13 (72) 13 (76) Note. M 5 mean; SEM 5 standard error of the mean.
a Independence in community access refers to the choice participants make in independently accessing the community on the basis of their ability to go out alone. b Fallers and nonfallers were not distributed equally across the three groups. an average of four new fall prevention behaviors, and the control group reported an average of two new fall prevention behaviors. Previous studies have reported success with findings of fewer than two behavior changes (Ness et al., 2003; Ryan & Spellbring, 1996) . Using this criterion would suggest that authenticity tailoring methods are also successful in promoting a sufficient number of prevention behaviors and that simply using a falls interview, multimedia assessments, and diary training (control group) may serve to promote new behaviors. These companion parts of the educational intervention may have sensitized the control group to fall prevention. Others have suggested that completion of falls diaries or falls interviews serves as an intervention (Ryan & Spellbring, 1996; Steinberg, Cartwright, Peel, & Williams, 2000) . We conclude that attention must be paid not only to the educational strategies used in the design and delivery of fall prevention education but also to the companion parts of the intervention protocol that may make important contributions to promoting fall prevention behaviors.
Clinical Practice Implications
This research contributes to the body of evidence supporting fall prevention education for older adults. Use of a multimedia educational system enhanced by theoretically driven, tailored strategies offers occupational therapists an effective, evidence-based intervention that can be administered within clinical time constraints. Aligned with a holistic approach to intervention, the program can be tailored to fit the specific needs of older adults, resulting in improved fall threats knowledge and engagement in fall prevention behaviors. Because both forms of tailoring examined here improved knowledge of fall threats, we have provided a feasible solution for occupational therapists interested in addressing the significant deficits in fall-related knowledge and awareness of personal fall risk in community-dwelling older adults (Wiens, Koleba, Jones, & Feeny, 2006 ). An unexpected but important finding was that nonfallers also increased their fall threats knowledge and fall prevention behaviors. This outcome addresses the concern that nonfallers have a lower level of fall-related knowledge than fallers (Wiens et al., 2006) . With knowledge of personal fall threats, a nonfaller may have the opportunity to address fall threats and prevent falls. Moreover, by selecting appropriate educational designs, fall prevention behaviors may also be encouraged in both fallers and nonfallers. Incorporating effective fall prevention educational interventions into clinical care of older adults is an encouraging step toward successfully reducing falls in the community.
Limitations and Strengths
One limitation of this study is that the large proportion of women in the sample (81%) precluded examination of sexrelated differences known to affect acceptance of fall prevention education information (Dearborn et al., 2006) . Another limitation is use of self-report for fall prevention behaviors, which may have resulted in overreporting or underreporting of behaviors. The convenience sample and limited size may reduce the generalizability of this study. Finally, although we used randomization, fallers and nonfallers were not equally distributed among the three groups. We controlled for fall status during the analysis to address this limitation.
The strengths of this research are the use of novel, evidence-based instructional strategies to support design and delivery of fall prevention education and to address older adult learners' specific needs. Additionally, the fall prevention education was the only intervention delivered, permitting isolation of its effects and direct evaluation of the outcomes without contamination by effects of other rehabilitation components.
Future Research
The use of instructional technology theory and practice is a relatively untapped area of research for older adult health-related education. Investigation of alternative instructional technology strategies and methods and educational theories may produce additional avenues for delivering and tailoring fall prevention education. Extension of these studies to a larger, more diverse population is warranted on the basis of the success of these interventions. Additionally, longitudinal studies may promote an understanding of the persistence of the interventions' effects on fall threats knowledge and prevention behaviors, as well as the relationship of these effects to actual fall experiences. Future studies should also examine the utility of these educational interventions to help older adult nonfallers maintain that status.
Conclusion
Fall prevention education has been proposed as a means of addressing the problem of falls in older adults. This study supports multimedia-based, tailored fall prevention education as an effective intervention for improving fall threats knowledge and engagement in fall prevention behaviors. Future research on the long-term effects of tailored fall prevention education on fall rates in communitydwelling older adults is warranted. s Figure 3 . Number of new fall prevention behaviors for three treatment groups. The number of prevention behaviors reported by the motivation group was significantly higher than those reported by the authenticity and control groups. The authenticity and control group behaviors were not significantly different. Values are means 6 standard errors of the mean, adjusted for fall status and covaried by baseline pretest knowledge. 
